Bromodomain protein 4 (BRD4) is a transcriptional and epigenetic regulator that plays a pivotal role in cancer and inflammatory diseases. BRD4 binds and stays associated with chromatin during mitosis, bookmarking early G1 genes and reactivating transcription after mitotic silencing. BRD4 plays an important role in transcription, both as a passive scaffold via its recruitment of vital transcription factors and as an active kinase that phosphorylates RNA polymerase II, directly and indirectly regulating transcription. Through its HAT activity, BRD4 contributes to the maintenance of chromatin structure and nucleosome clearance. This review summarizes the known functions of BRD4 and proposes a model in which BRD4 actively coordinates chromatin structure and transcription.
Introduction
BRD4, a chromatin-binding protein, was first identified as a mitotic bookmark and implicated in cell-cycle control [1] . Since its original description, BRD4 has become the subject of considerable interest as a possible therapeutic target in both cancer and autoimmune disease. A number of hematopoietic malignancies, including AML [2] , depend on the continued expression of BRD4; a BRD4 translocation fusion product, BRD4-NUT, is responsible for aggressive midline carcinomas [3] . BRD4 also plays a role in autoimmunity and inflammatory diseases via its interactions with NF-kB [4] . Recent studies have also shown a role for BRD4 in the regulation of repression of HIV-1 latency, kidney disease, cardiac hypertrophy, and drug addiction [5] [6] [7] [8] [9] . Despite the clear involvement of BRD4 in mediating disease, understanding of its actual biologic functions is only now emerging. In this review, we summarize the current status of our understanding of BRD4 structure and function, emphasizing the roles of its HAT and kinase activities in the regulation of chromatin structure, transcription, and development.
BRD4 STRUCTURE
BRD4 is a member of the BET family of proteins that is comprised of BRD2, BRD3, BRD4, and BRDt [10] . The 1362-aa human BRD4 protein contains 2 bromodomains (BD1 and BD2), 2 conserved motifs termed A and B, an N terminal cluster of phosphorylation sites, a basic residue-enriched interaction domain, an ET domain, a SEED domain enriched in serine residues mixed with glutamic and aspartic acid residues, as well as a CTM (Fig. 1) [11] .
Alternative splicing of the BRD4 gene gives rise to a short 722-aa isoform C that retains the 2 bromodomains but lacks all regions C terminal to the SEED domain. The relative abundance of the long and short forms of BRD4 vary among different cell types [11] . A third isoform, B, has been identified that is truncated at 722 aa, similar to isoform C, but contains an additional C terminal peptide of 76 aa [12] . Isoform B has only been described in U2OS cells.
BRD4 N TERMINAL BROMODOMAINS
Bromodomains occur in a variety of nuclear proteins that function as scaffolds for transcriptional regulators, chromatin modulators, and chromatin-modifying enzymes. Bromodomains are commonly found in chromatin-binding proteins, such as HATs TAF1 and CBP/p300, as well as remodeling factors, such as SWI/SNF family members; 46 bromodomain-containing proteins have been identified that fall into 8 distinct families [13] . The BET family of bromodomain proteins, which contains BRD4, is one of those families and is distinguished by the presence of 2 bromodomains and an ET domain.
The 2 bromodomains of BRD4 are located in tandem within the N terminus and mediate the binding of BRD4 to chromatin via their interactions with acetylated lysines on histones H3 and H4. Whereas the bromodomains largely bind to specific acetylated lysines on histones (H3 and H4) [14] , the BD2 domain of BRD4 also interacts with acetylated lysines on other protein partners, including the relA subunit of NF-kB [15] and the cyclin T1 subunit of PTEFb [16] . The structures of BRD4 BD1 (aa 58-169) and BD2 (aa 349-461) have been solved and consist of the archetypal bromodomain fold comprised of 2 interconnected loops (ZA and BC) from their N and C terminal regions and 4 a-helices (Z, A, B, C) [17] . The 2 loops form a pocket that encompasses a recognition site for acetylated lysines. A lefthanded helical, hydrophobic core in each bromodomain is created by the 4 helices. The extended loop ZA that connects helices Z and A is comprised of 3 short helices [17] . Of interest, the BRD2 BD1 bromodomain has been shown to form an intact homodimer and BRD4 is known to dimerize in vivo through BD1 [17, 18] . The 2 BRD4 bromodomains have relatively low homology with bromodomains from other bromodomain families; however, they are highly homologous (.75%) with the bromodomains of other BET proteins [11] . Yeast Bdf1 protein, an ortholog of the mammalian TAF1 bromodomain protein, is one of these other BET proteins, which suggests that it might be an evolutionary progenitor for both TAF1 and BRD4 [11] .
BRD4 C TERMINAL DOMAINS
Whereas the N terminal domain of BRD4 largely governs its interactions with acetylated lysine residues, the C terminal domains mediate its interactions with the spectrum of proteins for which BRD4 is a scaffold. The ET domain, which defines the BET family, is located between aa 600-678 and consists of 3 a-helices [19] . Although its function remains to be fully characterized, evidence suggests that it is a site for proteinprotein interaction with some of the BRD4 partners. Among these are the histone methyl transferase NSD3, the histone demethylase JMJD6, and a component of the nuclear remodeling and deacetylase repressor complex, CHD4, all 3 of which regulate transcription, presumably via their interaction with the BRD4 ET domain [20] .
The 2 conserved A (aa 280-299) and B (aa 502-547) domains are believed to be regions through which BRD4 contacts nucleosomal DNA [21] . The basic residue-enriched interaction domain (aa 524-580) and N terminal cluster of phosphorylation sites (aa 485-504) domains have been reported to be part of a phosphoswitch mechanism that regulates BRD4 binding to chromatin as well as its binding to and recruitment of p53 to transcription sites [22] . The region that encompasses the SEED domain (aa 695-720), part of which is called the C terminal cluster of phosphorylation sites, has been reported to be the site of phosphorylation by CK2, which triggers conformational changes in BRD4, affecting its function [22] . Finally, the CTM region of human BRD4 (aa 1325-1362) spans its interaction site with the transcription elongation factor, PTEFb [6] .
BRD4 ENZYMATIC ACTIVITIES
In addition to functioning as a scaffold for a variety of transcription factors, BRD4 has 2 intrinsic enzymatic activities. Work from our lab has demonstrated that BRD4 is an atypical kinase whose activity maps to its N terminal domain; deletion of segments N terminal to the ET domain abrogates the kinase activity [23] . One of the BRD4 substrates is the heptad repeat in RNA Pol II CTD, which BRD4 phosphorylates specifically on Ser2 residues [23] . Surprisingly, as we have recently demonstrated, BRD4 also has intrinsic HAT activity [24] . The HAT activity of human BRD4 maps to a consensus acetyl-CoA binding site between aa 175-180 and a catalytic domain located distal to the ET domain, in the segment between aa 1122 and aa 1161. Whereas both human and mouse BRD4 have a homologous acetyl-CoA binding site and a catalytic domain, mouse BRD4 has an additional acetyl-CoA binding site in the C terminus (aa 1097-1102) [24] .
BRD4 IN TRANSCRIPTION
BRD4 plays multiple roles in transcription: as a scaffold for transcription factors, a nucleator of superenhancers, and a kinase that is involved in transcription elongation and pause release. BRD4 plays a major role as a scaffold in the life cycle of the papilloma virus family via its interaction with the immediate early proteins, E2. E2 proteins are required to initiate and maintain viral DNA replication and transcription. BRD4 binds to E2, which prevents its degradation, modulates E2-mediated transcription, and anchors it and the HPV episome to the host chromosome during mitosis to prevent loss of viral genomes [25] . Recruitment of HPV E2 to the HPV promoter by BRD4 prevents recruitment of Transcription Factor II D (TFIID) and Pol II, thereby repressing transcription [25] . BRD4 is also a cellular cofactor for the murine leukemia virus integrase, mediating murine leukemia virus integration at transcription start sites [26] .
Evidence for the role of BRD4 in normal cellular transcription has come from studies that show that BRD4 functions as a mitotic bookmark, remaining associated with the transcription start sites of M/G1 genes. During telophase, BRD4 recruits PTEFb to promoters, which thus enables postmitotic transcription elongation of early G1 genes for cell cycle progression [27] . BRD4 also bookmarks genes that are expressed during the previous cell cycle, which leads to their rapid re-expression in G1 [28] . BRD4 is also known to play a critical role in immediate early gene transcription in neuronal cells, controlling the expression of many critical immediate early genes as well as synaptic receptor proteins, thus controlling memory formation [29] BRD4 regulation of transcription is both passive and active, affecting only a subset of genes in a cell type-specific fashion. As a passive scaffold, BRD4 recruits a variety of transcription factors to transcription start sites, and among the best characterized is the transcription elongation factor, PTEFb [30] . BRD4 also binds to a variety of chromatin-modifying enzymes, as noted above, as well as specific subunits of the Mediator complex [11, 31] , a critical component of the preinitiation complex that links transcription factors to Pol II. Of interest, BRD4 plays a role in thymic differentiation by bridging the transcriptional regulator, Aire, and the transcription elongation factor, PTEFb, to promote elongation of peripheral tissue antigen transcripts in thymic stromal cells [32] .
Our discovery that BRD4 has intrinsic kinase activity through which it directly regulates RNA pol II identified its active role in transcription, beyond its passive role as a scaffold. BRD4 phosphorylates RNA Pol II CTD, a unique structure with repeating heptads of amino acids that is essential for Pol II function. Of the 3 serines residues on which Pol II CTD can be phosphorylated, BRD4 phosphorylates Ser2, which is essential for the transition of Pol II from initiation to productive transcription elongation and for the recruitment of RNA splicing factors [23] . Of importance, phosphorylation of Pol II at Ser2, specifically by BRD4, results in the activation of Top I [33] . Top I controls transcription by unwinding the DNA supercoils that create a mechanical barrier to Pol II progression. Whereas Top I is basally active when bound to Pol II, CTD phosphorylation specifically by BRD4 superactivates it, which results in transcriptional pause release [33] .
BRD4 is also a central player in the regulatory network of crosstalk among the 3 RNA Pol II CTD kinases that governs transcription initiation and early elongation [34] . Thus, the CDK7 component of Transcription Factor II H (TFIIH) phosphorylates BRD4 to regulate its kinase activity. In turn, BRD4 phosphorylation of the CDK9 component of PTEFb modulates its kinase activity [34] . Initial biochemical analyses demonstrating such crosstalk have been extended by kinetic studies [35] . In addition, BRD4 directly interacts with and phosphorylates the TFIID component TAF7 to modulate its activity as a checkpoint regulator of transcription. TAF7, in turn, inhibits the kinase activity of BRD4 as well as the other 2 major CTD kinases, CDK7 and CDK9 [34] . In aggregate, these activities of BRD4 define it as a direct and active regulator of transcription.
Whereas early studies of BRD4 mostly focused on its function at promoters, recent work has demonstrated that BRD4 is also enriched at enhancers and plays a large role in controlling enhancer activity and transcription of enhancer RNA at these sites [36, 37] . Besides being found at thousands of typical enhancer elements, BRD4 nucleates superenhancers, which are clusters of enhancer elements that are highly enriched for transcription factors and coactivators, such as Mediator and BRD4, that often extend across many kilobases [38] . Most superenhancers are cell type specific, associated with cell type-specific master transcription factors, or enriched at oncogenes [38] . The cell-type specificity of BRD4 in the regulation of transcription, in large part, is likely a reflection of its association with superenhancers. For example, BRD4 is associated with superenhancers within the MYC locus in various cancers, including AML and multiple myeloma [38, 39] .
BRD4 IN CHROMATIN STRUCTURE
In addition to its role in regulating transcription both directly and indirectly, BRD4 also plays a major role in regulating chromatin structure. It is critical in the maintenance of higher-order chromatin structure [18] . Full-length BRD4 (1-1362) , via its intrinsic HAT activity, mediates largescale chromatin decondensation [24] . Accordingly, dissociation of BRD4 from chromatin causes severely fragmented chromatin morphology [18] . Mechanistic studies with BRD4 truncation mutants showed that the C terminal segment of BRD4, which contains the HAT domains, was necessary for maintaining normal chromatin structure [24] . Consistent with the BRD4 HAT activity leading to chromatin remodeling, it has been shown that a dominant negative inhibitor of BRD4 consisting of the 2 N terminal BRD4 bromodomainsdeleted of the HAT domains-led to fragmented chromatin [18] .
As noted in the section on BRD4 structure, BRD4 also gives rise to an alternatively spliced short isoform of BRD4 (1-794) that does not encompass HAT domains. This short isoform has been shown to recruit the condensin II chromatin remodeling complex to chromatin, which leads to compacted chromatin and insulation from DNA damage [12] . Thus, the various isoforms seem to alternatively regulate chromatin structure, although the mechanisms by which this is achieved remain unknown. In this regard, it has also been established that BRD4 molecules interact intermolecularly on chromatin via the bromodomains, which raises the possibility that these interactions contribute to the regulation of local chromatin structure and further document the complexity of BRD4 function [18] . Although most cells contain both long and short BRD4 isoforms, the mechanisms that regulate the alternative splicing of BRD4 are still unknown. Other evidence that points toward an important role for BRD4 in chromatin remodeling was the demonstration that BRD4-associated mitotic loci are larger/ decompacted relative to non-BRD4-associated loci [28] . Treatment of the cells with JQ1, a BRD4 inhibitor, returned these loci to their normal size.
The role of BRD4 in maintaining chromatin structure and histone acetylation has been clarified by our recent finding that BRD4 has intrinsic HAT activity, which plays a critical role in regulating chromatin structure [24] . BRD4 HAT activity is distinct from that of other HATs, as it acetylates most of the H3 tail lysines, except H3K14, a site acetylated by all other known H3 HATs. Crucially, BRD4 also acetylates the globular region of H3 at the K122 residue, which is located at the point on the dyad axis of the nucleosome where DNA-histone interactions are strongest. Acetylation at H3K122 breaks a salt bridge that leads to nucleosome destabilization and, ultimately, nucleosome clearance and chromatin decompaction [24, 40] . BRD4 preferentially remodels chromatin and reduces nucleosome occupancy around the promoters and genes that it is known to target and regulate, such as Myc, Fos and Aurora B kinase. Furthermore, overexpression of BRD4 results in global remodeling around promoters, accompanied by increased transcription [24] .
BRD4 IN CELL CYCLE REGULATION
BRD4 plays a role throughout the cell cycle, and levels of BRD4 are critical to its regulation of cell cycle and proliferation. It is necessary for mitosis to proceed normally [41] . Depletion of BRD4 leads to aberrant mitosis, with a high incidence of lagging chromosomes, leading to micronuclei, and bridging chromosomes, which results in cytokinesis failure and multilobulated nuclei [42] . Levels of Aurora B, a kinase that is required for proper mitosis, are directly regulated by BRD4 [42] . Of importance, BRD4 remains associated with mitotic chromosomes, functioning as a mitotic bookmark for early G1 genes, such as myc and fos [1, 27, 43] . The transition from G1 to M likely depends on both BRD4's HAT activity, which is necessary for chromatin decompaction, and its kinase activity, which mediates transcription and pause release [23, 24] . Thus, the association of BRD4 with M/G1 genes correlates with the maintenance of high levels of chromatin acetylation during mitosis [27] . Conversely, overexpression of the BRD4 short isoform B, which is devoid of HAT activity, leads to an alteration of chromatin structure and chromothrypsis [12] . By binding to the transcription start sites of M/G1 genes, BRD4 directs their rapid postmitotic transcription. Accordingly, depletion of BRD4 is associated with less production of newly synthesized M/G1 gene RNAs [43] . Indeed, BRD4 provides transcriptional memory of genes: its association via mitosis results in the more rapid re-expression of genes that were expressed during the previous cell cycle [28] .
In addition, BRD4 has been reported to regulate the transition from G2 to M via its interaction with the GAP protein, SPA-1 [44] . SPA-1 is induced in lymphocytes in response to mitogen activation [45] ; ectopic SPA-1 also blocks the G2 to M transition in HeLa cells. BRD4 negatively regulates SPA-1, which relieves the block to cell-cycle progression [44] . Deletion of BRD4 in either NIH3T3 or HeLa cells arrests cells in G1, whereas ectopic expression of BRD4 is paradoxically similarly inhibitory [27, 43, 46] . Depletion of BRD4 alternatively triggers apoptosis or senescence, although it is not clear what determines which will occur [47] (unpublished observations). BRD4 has been reported to play roles in both the DNA damage response and oxidative stress, where depletion of BRD4 results in aberrant stress responses [12, 48] .
BRD4 IN CELL DIFFERENTIATION AND DEVELOPMENT
Consistent with its pleiotropic activities in regulating the cell cycle, BRD4 also plays a critical role in regulating differentiation and development; however, BRD4 is not a general transcription factor. It is only associated with approximately 10% of gene regulatory elements in any given cell type, both superenhancer and traditional enhancers as well as promoters [49] . Genes that are regulated by BRD4 are those that define the differentiation status of the cell type as well as cell cycle genes [38, 49, 50] . For example, BRD4 is essential for the maintenance of human and mouse ESC identity [51] . Silencing of BRD4 either by short hairpin RNA or treatment with BET inhibitors causes ESC cells to accumulate in G1 phase of the cell cycle and acquire the morphology of differentiating cells. Induction of differentiation reflects the down-regulation of genes that are important for the ESC identity, such as Oct4, Nanog, and Prdm14, and the up-regulation of genes that are involved in EMT and neuroectodermal differentiation [51] . Of interest, BRD4 not only regulates Oct4 gene expression but is recruited by OCT4 protein to specific regulatory regions in ESC, including those of the long non-coding RNAs that regulate X chromosome inactivation [52] .
BRD4 is also required for the re-expression of stem cell genes during reprogramming of MEFs to induced pluripotent stem cells, where it is required for the release of poised RNA Pol II; depletion of BRD4 prevents the completion of reprogramming [53] . Reprogramming of C/EBP activated somatic B cells to induced pluripotent stem cells also depends on the binding of BRD4 to the superenhancers of pluripotency genes, presumably mediating chromatin remodeling and transcription [54] . In contrast to its role in maintaining stem cell identity, BRD4 is also required for the maintenance of multiple differentiation programs. Generation of hematopoietic cells depends on the presence of BRD4. In the absence of BRD4, bone marrow stem cells are unable to give rise to lymphoid stem cells, which results in a failure in the differentiation of B and T cells [55] . BRD4-depleted human ESC on OP9 culture do not generate hematopoietic progenitors or mature blood cells [56] . Taken together, the available evidence indicates that BRD4 plays a critical role in maintaining cell identity, whether of stem cells or differentiated cells, consistent with its role in regulating chromatin structure and transcription.
Reflecting its importance in maintaining the cell differentiation state, BRD4 is critical to normal development and organogenesis. Germline deletion of BRD4 is embryonically lethal, with arrest occurring by 6 d postcoitus, possibly as a result of the failure of ESCs to undergo differentiation [57] . Sustained BRD4 silencing in mice induced multiple developmental defects. Among them were skin hyperplasia, which is characterized by follicular dysplasia and abnormal hair growth, and loss of secretory cells populations (lysozymepositive paneth cells, mucin and goblet cells) as well as stem cells at the base of crypts in the intestine [55] . BRD4 seems to contribute to spermatogenesis, where there is a correlation between the hyperacetylation of chromatin and the binding of BRD4 to activated genes during spermatogenesis. During spermiogenesis, BRD4 relocalizes to spermatid acrosomes, concomitant with the condensation of chromatin and loss of hyperacetylated histones [58] . Finally, recent studies from our laboratory demonstrate that the absence of BRD4 during early thymic development leads to a marked loss of peripheral T cells (unpublished observations).
The absolute level of expression of BRD4 is critical for embryonic development. BRD4 +/2 heterozygous embryos can develop to day 17 postcoitus, but only one half survive. Heterozygous BRD4 neonates and pups are smaller than wild type. Adult mice display various morphologic abnormalities in the skin, liver, brain, testis, and eye [57] . Thus, 1 allele deletion of Brd4 is sufficient to allow the ESC to commit to differentiation but not sufficient for complete mouse development.
BRD4 IN CANCER
BRD4 is currently receiving considerable attention as a possible therapeutic target in cancer because of its regulation of cell cycle genes, especially Myc. A number of hematopoietic malignancies, notably AML, depend on BRD4 activation of Myc transcription. Inhibition of BRD4 binding to chromatin by small-molecule inhibitors, such as JQ1 or iBET, blocks Myc expression and suppresses the activity of hematopoietic transcription factors, inducing arrest of AML cell proliferation accompanied by myeloid differentiation [2, 59] . The loss of cell proliferation upon global BRD4 inhibition is accompanied by a global loss of histone acetylation, which suggests that BRD4 HAT activity serves to maintain the Myc locus-and other cell cycle genes-in an open chromatin configuration [24] . In vivo, transplantation of BRD4-depleted AML cells into recipient mice markedly delays leukemia progression [2] . Similar findings have been reported for other hematopoietic malignancies, including mixed-lineage leukemia fusion-driven leukemia, DLBCL and Burkitt lymphomas [60] [61] [62] [63] . However, not all Myc-driven cancer cells are susceptible to BRD4 inhibition [63] , and not all hematopoietic tumors are BRD4 dependent [61] . In addition to its regulation of Myc expression, BRD4 also plays a critical role in regulating Myc-independent pathways. For example, although inhibition of BRD4 inhibits the growth of DLBCL cells, ectopic expression of Myc does not restore cell growth, which suggests that other pathways are regulated by BRD4. Indeed, both the BCR signaling pathway and E2F target genes are affected by BRD4 inhibition. In DLBCL, BRD4 is associated with superenhancers of the POU2AF1 locus (encoding OCA-B) and the BCL6 gene, which is frequently mutated in DLBCL. OCA-B is a regulatory factor involved in B cell development, maturation, and germinal center formation. Inhibition of BRD4 decreases OCA-B expression, which leads to decreased proliferation of DLBCL cells [63] . Similar results were observed in mixed-lineage leukemia fusion leukemia, where BCL2 and CDK6 expression were affected by BRD4 inhibition [60] .
Solid tumors are also regulated by BRD4, independent of Myc. In estrogen receptor-positive breast cancer, estrogen-induced transcriptional activity is enhanced by BRD4. Depletion of BRD4 in estrogen receptor-positive breast cancer cells leads to a global decrease of estrogen-induced gene expression [64] . Accordingly, BRD4 is found to be associated with estrogen-responsive genes at the transcription start site and within the transcribed regions. Association of BRD4 with estrogen response elements correlates with both Pol II occupancy at promoters and enhancers as well as increased mRNA and enhancer RNA synthesis at induced genes. In vitro, BRD4 depletion or inhibition affects the proliferation of breast cancer cell lines MCF7 and Ishikawa cells in either the absence or presence of estrogen [65] . BRD4 also regulates genetically diverse glioblastoma tumors: inhibition of BRD4 by the BET inhibitor JQ1 represses tumor growth [66] . Figure 2 . Model incorporating BRD4 molecular functions and the proposed sequence in which its enzymatic activities function. BRD4 binds to mitotic chromatin, bookmarking early G1 genes. Toward the end of mitosis, BRD4 acetylates histones, initially on the tail lysines and eventually on H3K122 in the globular region of histone H3, which leads to nucleosome clearance and enables the recruitment of transcription machinery. BRD4 then regulates transcriptional pause release and elongation via its phosphorylation of RNA Pol II CTD and its recruitment of PTEFb to the preinitiation complex containing Transcription factor II H (TFIIH).
Whereas BRD4 HAT activity is likely to contribute to its protumorigenic effects in most hematopoietic and solid tumors, it does not contribute to the aggressive phenotype of the NUT midline carcinoma. These tumors are characterized by the presence of a fusion between the N-terminal domain of BRD4 and the NUT gene [3] . This fusion truncates the BRD4 HAT domain but leaves the bromodomains of BRD4 intact, which allows the fusion protein to bind to chromatin. Of interest, the BRD4-NUT fusion results in the hyperacetylation of chromatin megadomains as a result of the recruitment by NUT of the HAT, p300, which aberrantly acetylates chromatin over stretches of 100 kb to 2 Mb, nucleated at enhancers or promoters where BRD4 binds, which results in increased transcription of the genes in and nearby the domain [67] .
The role of BRD4 in metastasis, as opposed to primary tumors, is less clear. It has been described as a metastasis susceptibility gene as ectopic expression of BRD4 led to a repression of metastasis and primary tumor growth in human breast cancer [64] . Conversely, expression of the truncated isoform C of BRD4 restores metastatic capacity [68] . Of interest, deletion of the proline-rich region between the ET domain and the CTM on BRD4 led to the promotion of EMT, a central feature of metastasis [68] . BRD4 is also known to interact with the EMT transcription factor Twist when it is diacetylated [69] . Twist recruitment of BRD4 directs WNT5A expression in BLBC, which suggests that the Twist-BRD4-activated EMT program confers growth advantages to BLBC. Accordingly, BET inhibition disrupted the BRD4-Twist interaction, reduced Wnt5A expression, and reduced invasion and tumorigenicity of BLBC [69] . Thus, BRD4 plays an important role in EMT and metastasis, although the molecular mechanisms involved are yet to be elucidated in detail.
CONCLUSIONS
BRD4 is a protein with pleiotropic functions: it is a scaffold for various chromatin and transcription factors, a chromatin remodeler via its HAT activity, and a regulator of transcription via its kinase activity. It is essential for normal cell cycle, differentiation, and development. Taken together, these findings lead to a model in which BRD4 actively coordinates these processes (Fig. 2) . We hypothesize that the pleiotropic activities of BRD4 are integrated to achieve transcriptional activation: it functions as a mitotic bookmark of early G1 genes, mediates chromatin decompaction-either in response to activation signals or entry into G1-at its target enhancers and promoters, recruits relevant transcription factors, including PTEFb, and contributes to transcriptional pause release through its phosphorylation of Pol II CTD Ser2. The mechanisms by which BRD4's various activities are themselves regulated to ensure an orderly progression through cell cycle and transcription remain to be determined. 
